Context: A large proportion of liver transplants (LTXs) are performed due to alcoholic liver disease (ALD) in the final stage of organ insufficiency. In order to list patients for LTX, transplant centers commonly require 6 months abstinence from alcohol. However, significant differences have been reported between alcohol intake as indicated by self-report and biochemical markers of alcohol. Objective: In the present study, the usefulness of ethyl glucuronide analysis in hair (hETG) was examined during the evaluation procedure before listing patients with ALD for an LTX. Design: Cross-sectional survey. Setting: Psychosomatic evaluation. Patients: Seventy patients with ALD prior to listing for an LTX. Interventions: According to clinical assessment before listing patients with ALD (n ¼ 233) for an LTX, hETG analysis was only performed in the patients who were assumed to deny or underreport their alcohol consumption (n ¼ 70). Main Outcome Measures: The analysis of hETG by liquid chromatography-mass spectrometry, clinical interview. Results: By hETG analyses, 27 (38.6%) of the 70 patients tested positive for ongoing alcohol consumption. Conclusions: Selective use of hETG based on the clinical interview rather than widespread screening is a possible way to detect excessive alcohol consumption in patients with ALD in the transplant setting. The primary evaluation of a patient's situation in its entirety should remain the superordinate standard procedure. An interdisciplinary approach to transplant candidates with an ALD is asked for.
Introduction
Liver transplantation (LTX) is an accepted and common treatment option for alcoholic liver disease (ALD) showing favorable outcome and high long-term survival rate. 1, 2 Between 30% and 50% of LTXs are currently conducted because of ALD in the final stage of organ insufficiency. 3, 4 In order to list patients with ALD for LTX, transplant centers commonly require a 6month abstinence from alcohol not only because ongoing alcohol intake may have a dramatic impact on graft survival but also because the need for LTX can sometimes be delayed or may no longer be necessary at all. [5] [6] [7] Patients with ALD may have severe difficulty to meet abstinence without appropriate support. Patients in need of LTX may also deny or underreport their true alcohol intake, fearing they would otherwise not be listed or transplantation be delayed. Indeed, random blood alcohol (ethanol) testing was reported to detect concealed alcohol intake in patients with ALD awaiting LTX. 8 Erim et al 9 underscored the uncertainty of self-report data and also the low sensitivity of alcohol testing as ways to disclose recent drinking in the transplantation setting prior to listing and instead demonstrated the value of using sensitive and specific biochemical alcohol markers such as urinary ethyl glucuronide (ETG) . The significant discrepancy between alcohol consumption as indicated by self-report and alcohol biomarkers has also been highlighted by others. 10 Using methanol in blood as alcohol biomarker, about onethird of blood samples collected during the evaluation process for LTX listing tested positive for current alcohol intake. 11 Likewise, half of the transplant candidates denying alcohol consumption within the last 6 months tested positive for at least 1 alcohol biomarker, including novel, sensitive, and specific tests such as ETG in urine and ETG in hair (hETG). 12 Also when placed on the waiting list for LTX, relapse rates of 15% to 25% have been reported among patients with ALD. 13 Although the above-mentioned results underline the necessity of introducing sensitive and specific objective measures of recent alcohol consumption in the transplantation setting, there is no established consensus regarding how abstinence should be determined (ie, which biomarker), in which patients (eg, all patients or selected ''high-risk'' patients), how often (single or repeated measures), or by whom (transplantation or psychosomatic medicine specialists or liaison psychiatrists).
In the present study, hETG analysis was initiated by psychosomatic medicine specialists during the evaluation procedure, before listing patients with ALD for LTX. The analysis of hETG was only performed in the patients who were assumed to deny or underreport their alcohol consumption, according to clinical assessment. This procedure could be a routine way of proceeding with patients having ALD in the transplantation setting.
Materials and Methods Participants
From January 2011 to December 2012, 501 patients with terminal liver disease have undergone a psychosomatic evaluation in the Department of Psychosomatic Medicine and Psychotherapy at the University Hospital of Essen, Germany, before placed on the waiting list for an LTX. A total of 233 patients had an ALD diagnosis, whereas 200 (39.9%) were diagnosed with alcohol addiction and 33 (6.6%) with harmful alcohol use, according to the International Classification of Diseases, Tenth Revision (ICD-10) 14 (Figure 1 ). The study was approved by the local ethics committee, and all patients gave written informed consent for participation.
Psychosomatic Evaluation
At the initial screening visit, patients with an ALD were interviewed by a physician for psychosomatic medicine or an experienced psychologist. With regard to alcohol abstinence status and risk of alcohol intake or recidivism, all patients were evaluated for their suitability as transplant recipients on the basis of a clinical/psychosomatic examination. The information gathered included (1) length of self-reported alcohol abstinence preceding the visit (more or less than 6 months) and (2) risk factors for alcohol intake or recidivism such as a diagnosis of alcohol dependence (vs harmful alcohol use), lack of understanding of the situational conditions and motivations of alcohol abuse, lack of participation in previous therapy programs or Anonymous Alcoholics groups, lack of coping skills and social support, and an alcohol use disorder of first-degree biological relatives or cohabitating spouses.
In detail, patients were asked to specify their current drinking behavior and their alcohol intake during 6 months prior to the screening visit. Patients with ongoing heavy alcohol use were referred to inpatient treatment. Patients with a moderate risk of relapse were supported in a manualized group therapy. 15 Patients who admitted to alcohol intake but whose statements gave reason for distrust with regard to frequency and/or quantity of consumption were called ''minimizers.'' Those patients who denied any alcohol intake despite the presence of significant risk factors were called ''noncredible negators.'' Both minimizers and noncredible negators were asked to provide a hair sample for measurement of hETG. Next to the obvious risk factors that might have been sustaining drinking behaviors, also information on alcohol intake provided by others (eg, cotreating health professionals) that disagreed with patient self-reports resulted in hair sampling for hETG testing. In addition to the clinical evaluation regarding alcohol intake, patients were judged with regard to their psychosocial functioning according to the transplant evaluation rating scale (TERS). The TERS assesses coping strategies, compliance to therapeutic recommendations, degree of social support, and health-related behavior. 16 The German translation of TERS shows good interrater reliability. 17, 18 Ethyl Glucuronide Measurement in Hair Detection of ETG in the scalp hair of patients (hETG) allows monitoring of abstinence over a retrospective period of 3 (or even for up to 6) months, with each 1-cm segment reflecting alcohol consumption over a period of approximately 1 month. At least 3-cm head hair was collected from the posterior vertex and cut as close as possible to the scalp. Hair strands were aligned with twine and stored in an envelope at room temperature until analysis. From the proximal 3 cm of hair, at least 50 mg were processed for liquid chromatographic-mass spectrometric (LC-MS/MS) analysis. The applied analytical method is fully validated and accredited according to forensic guidelines and DIN EN ISO 17025. 19 According to international standards for hETG measurement, 20 the following cutoffs were applied: <7 pg ETG/mg hair, abstainers/rare drinking; 7 to 30 pg/mg, occasional alcohol consumption (>10 g ethanol/day); and >30 pg/mg, chronic alcohol intake (>60 g ethanol/day). The hETG concentrations !7 pg/mg were regarded ''positive.''
Data Analysis and Statistical Methods
Data were analyzed using the software SPSS for Microsoft Windows. For descriptive analysis, data were expressed as mean (M) value and standard deviation (SD). Mean differences in variables among subgroups were compared by w 2 test, t test for independent variables, and Mann-Whitney U test. Pearson and Spearman correlations were conducted to test the linear relationship between variables. Analysis of variance was applied to test the main effects of confounders such as gender, age, or educational level. For all tests, a significance level of P < .05 was predetermined.
Results

Patient Sample
In total 70 LTX candidates with an ALD classified as either minimizers or noncredible negators of their alcohol intake underwent hETG testing, in order to confirm or disprove the clinical impression and/or self-report. None of the patients refused to provide a hair sample, and all samples collected were appropriate for LC-MS analysis. The M age of the patients was 49.9 years (SD 8.7), and 58.6% were females. Demographic data are shown in Table 1 . For the 70 patients, a total of 100 psychiatric diagnoses (according to ICD-10) were given. The most frequent diagnoses were alcohol addiction (F 10.2; n ¼ 52) and harmful alcohol use (F 10.1; n ¼ 18). Further diagnoses are shown in Table 2 .
Main Results for the Entire Cohort
According to the international standard cutoffs for hETG, 43 (61.4%) patients showed hETG values <7 pg/mg and were regarded as abstainers or rare drinkers, 3 (4.3%) patients exhibited hETG values in the range 7 to 30 pg/mg, pointing toward occasional or regular moderate alcohol consumption, and 24 (34.3%) patients showed values >30 pg/mg, suggesting chronic heavy alcohol intake. The M hETG level in the chronic alcohol consumers was 206.8 pg/mg (SD ¼ 168.7). These results are presented in Figure 2 .
Results for the Clinical Subgroups
According to the clinical classification, 45 of the 70 patients were clinically classified as noncredible negators and 25 as minimizers of their alcohol intake during the 6-month period preceding the screening visit. A total of 27 (38.6%) patients tested positive for hETG (!7 pg/mg). In the noncredible negators, 16 tested positive for hETG, as did 11 of the minimizers.
On the other hand, 24 patients who were considered noncredible negators based on clinical assessment and the presence of risk factors tested negative for hETG (<7 pg/mg). These patients were called credible negators with regard to the *3month period covered by hETG analysis. Similarly, 14 minimizers, who had admitted not having abstained from alcohol during the preceding 6 months, tested negative for hETG, putatively because the hETG values only reflected alcohol intake in the previous *3 months. The results of hETG analysis for each subgroup are displayed in Table 3 .
Values of hETG and Demographic Data
Significantly more women than men tested positive for hETG (w 2 ¼ 12.8; P < .001). Furthermore, the hETG-positive and hETG-negative patients differed significantly with regard to age (t ¼ À1.97; P ¼ .05) and level of education (w 2 ¼ 10.71; P ¼ .01), with younger and higher educated patients exhibiting more positive hETG tests. With regard to the clinically defined subgroups, there turned out to be significantly more female minimizers (n ¼ 14; w 2 ¼ 9.03; P ¼ .003).
Discussion
Minimizing or denying alcohol consumption by patients with an ALD in the LTX setting is a well-known problem. It is the fear of patients of getting rejected from the transplant waiting list paired with their difficulty to achieve the required complete abstinence that motivates them to being dishonest in selfreports. In the present work, patients with an ALD were evaluated for eligibility prior to listing for an LTX. The evaluation procedure with regard to the consumption of alcohol was undertaken by an experienced psychologist or an expert physician in psychosomatic medicine and included self-reports of abstinence or drinking behaviors, as well as the identification of collateral risk factors of alcohol intake. Besides, based primarily on clinical judgement of the presence of risk factors for alcohol intake or recidivism, hETG concentrations were determined in all those cases in which patients were thought to be negating or minimizing their alcohol intake. This has led to a total of n ¼ 70 patients being included in the study of hETG measures. As a main result, n ¼ 27 patients (38.6%) were tested positive for ongoing alcohol consumption. Our results support the findings of several previous studies that have identified the ongoing alcohol intake in patients with an ALD both during the evaluation prior to listing for LTX and while awaiting an LTX as a relevant clinical problem. This problem needs to be specifically addressed. Although alcohol intake in transplant candidates with an ALD prior to listing for LTX is a relevant problem, up to now there is no guideline or expert consensus determining an appropriate approach at the time of initial presentation. Different biological markers for alcohol intake or their combinations have been tested in the transplant setting in patients with an ALD, and while some authors have chosen to test patients in a random manner, 8 nonselectively 12 or on a voluntary basis, 9 here it was chosen to carry out controls in just a selection of patients. The advantage of testing all patients without exception is that it allows a maximum disclosure of alcohol consumption and that it delivers an objective measure for further clinical decisions. Having applied this methodology, transplant candidates denying alcohol consumption within the last 6 months had a positive hETG result in 83% of the cases. 12 The disadvantage of such an approach from the perspective of psychosomatic medicine lies in the implication that the assessment of a biological parameter may be placed in the center of decision making, thus, in a sense, devaluating the significance of the clinician's assessment of meaningful circumstances. In contrast, the present approach places the patient's clinical assessment in the center of the evaluation process, and the assessment of hETG as a biological marker for alcohol intake is performed in order to gain additional information as the need arises. Certainly, this is just one conceivable approach to patients with ALD in the transplantation setting and it appears to be more sound than random testing or testing on a voluntary basis. The disadvantage of this approach is, obviously, that it may not capture all cases of alcohol intake unerringly.
On the other hand, the assessment of biological markers of alcohol intake are not unerring themselves, and false positive results in the transplantation setting that may wrongly exclude patients from LTX are a serious concern. The sensitivity and specificity of each of the different available markers of alcohol intake (such as the direct detection of ethanol in blood or breath or markers such as the carbohydrate-deficient transferrin [CDT] or urinary ETG) have been published and discussed elsewhere. [21] [22] [23] Due to their different detection windows, the use of each of these markers may be justified in a different setting and pursuing a different goal. 24 Breath analyses may be used in therapeutic settings to control sobriety. Blood tests may be useful for a physician's evaluation of patients during routine examinations. The CDT is a marker reflecting alcohol intake in the preceding 1 to 4 weeks, 25 but it is inappropriate for the detection of low to moderate alcohol intake, because a daily consumption of 60 to 80 g ethanol for a minimum of 7 to 10 days is required for a positive test result. Finally, ETG remains positive in the urine for up to 80 hours depending on the amount of alcohol intake and allows detection of very small amounts of ethanol (eg, <5 g).
With regard to hETG, sensitivity and specificity rates have been identified as being high, [26] [27] [28] [29] [30] and some authors have claimed that hETG testing may be appropriate to disprove abstinence rather than proving it. 28, 31 Daily alcohol intake correlates well with hETG concentrations, 32 and international cutoff values have been set. 33 Although hETG concentrations between 7 and 30 pg/mg should be interpreted with caution, there is great certainty that patients showing high hETG concentrations (>30 pg/mg) have consumed alcohol during the preceding months. 12, 21 The diagnostic power of hETG is not significantly influenced by age, gender, body mass index, tobacco smoke, hair color, or treatment of hair with commercial hair products, with the exception of bleaching and dying. 28, 34, 35 The advantage of hETG in the initial screening of LTX candidates is that it is the only method that allows the retrospective detection of alcohol intake for 3 or even for up to 6 months. In the study by Sterneck et al 12 in transplant candidates with alcoholic liver cirrhosis, alcohol intake was exclusively disclosed by hETG testing in 46% of patients, as all other alcohol markers (including CDT, methanol, etc) were tested negative. Alcohol abstention was disproved by hETG in as many as 23 (of a total of 63) patients with a negative urinary ETG result; these patients had apparently abstained from alcohol intake shortly prior to presentation. The same authors reported that there was no impact of liver function on hETG concentrations, and a specificity of 91% for hETG was calculated in patients with cirrhosis. 12 Irrespective of the alcohol marker in use, an interdisciplinary approach to transplant candidates with an ALD engaging hepatologists, surgeons, and experts in psychosomatic medicine and addiction medicine is asked for. 36, 37 It is important for the clinical assessment to be able to grasp the different relevant aspects within the transplantation setting such as psychological comorbidities, individual stress factors, coping strategies, and specific needs. Therefore, the primary evaluation of a patient's situation in its entirety by an expert in psychosomatic medicine should remain the superordinate standard procedure. The decision to include a patient with ALD in the transplant list or exclude them from it should not be taken based on ETG measures alone. In some cases, even a deviation from the 6-month abstinence rule may be justified as proposed by others. 37 Following the procedure suggested here, personal interview by a medical professional is placed in the center of decision making. Furthermore, the objective of the clinical evaluation is not only the detection of alcohol intake but also the definition of therapy options. It is a mistake in the context of LTX to overlook the fact that alcohol dependency is not a patient's fault but a disease that needs treatment.
Liver transplantation in patients with ALD is not more than a symptomatic therapy. Therefore, a psychotherapeutic attendance starting from the initial screening for eligibility and stretching out over the posttransplantation period is urgently needed. Therefore, future research should focus on developing not only reliable measures of alcohol consumption but also psychological interventions for patients with ongoing alcohol intake before LTX.
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
